This article looks at the operationalization of race and ethnicity concepts in medical classification systems, notably the main bibliographical databases of MEDLINE and EMBASE. In particular, an attempt is made to assess recent changes, including the impact of the 2004 major changes to the MeSH headings for race and ethnic groups, and the introduction of 'Continental Population Groups'. The underlying conceptual basis of the typologies, their relevance for capturing specific population groups, and their overall usefulness in appraising the literature on ethnic/racial disparities in health are examined. The bibliographical database thesauri reveal the pervasiveness of the notion of the biological basis of health differences by race/ethnicity as well as continuing use of antiquated racial terminology. Their system-oriented terminology is likely to limit the effectiveness of retrieval by users who may lack knowledge of their hierarchical structures.
Introduction
In this era of evidence-based medicine the accurate and appropriate indexing of terms for population groups has become of paramount importance for the wide range of users of online medical literature databases, including officialdom, the research community, and increasingly patients. The controlled vocabulary thesauri for these databases permit searching at various levels of specificity and are a key tool, in addition to the use of natural language, for retrieving relevant literature. However, the use of such searching strategies is dependent upon the knowledge users have of the structure of the thesauri and how well the indexing terms represent the topics or concepts of interest to the user.
The challenges to the production of such sets of terms for race and ethnicity are many. Automated information retrieval in medicine now serves a global market and some of these databases, such as MEDLINE -first introduced for indexing in 1966 and available for online searching since 1971 -are accessible at no cost on the World Wide Web. Although much of the literature in medicine is published in English language journals, a high proportion of which are US based, many of these databases are global in coverage. The dramatic increase in the use of MEDLINE -18-fold over the course of just 7 years ( Figure 1 ) -demonstrates the importance of such databases to users in the scientific and wider community. The vocabulary of race and ethnicity, however, has developed not in response to such global pressures but in a piecemeal, evolving, and sometimes inconsistent manner within specific nation states and in the context of a complex interplay of historical, social, and political pressures. Developing taxonomies that have global relevance, therefore, raises issues of transferability and comprehensibility of terminology. Such trends to some extent mirror the wider dilemmas of language in science itself. The globalization of science through the dominant use of English, aided by the internet (developed in the US and initially dominated by English), has created a demand for a common medium of speech to facilitate exchange [1] . At the same time language is constantly evolving in response to increasing specialization and the concomitant development of new vocabularies, perhaps leading to the conclusion that some variation in scientific English rather than 'one standard meets all' is desirable.
This article looks at the utility of the controlled vocabulary for race and ethnicity on the two main medical databases -MEDLINE and EMBASE -and others. It tracks the evolution of this vocabulary, the underlying conceptual basis of the terminology, its relevance in a global context for capturing specific population groups, and its overall usefulness in appraising the literature on ethnic/racial disparities in health. With respect to the latter, the increasing number of government programmes that have been established in Britain, North America, and Australasia to address ethnic/racial disparities in health makes the efficient retrieval of information on race and ethnicity a priority.
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A focus on these issues is needed as the meaning of terms like 'race', 'ethnicity', and 'ancestry' have been contested and widely debated. While 'ethnicity' is now ascendant and increasingly replacing race in the health services research literature, terms relating to 'ancestry' are beginning to displace 'race' in the genetics literature. Yet there are those who, especially in the USA, argue for the retention of 'race' on the grounds that groups like African Americans are strongly racialized and subject to structured disadvantage in society. These arguments are also infused with debates about identity politics, notably, the civil right of people to self-ascribe their own ethnic/racial group whatever observers might deem appropriate. Against such perspectives, medical classification systems are frequently propelled to adopt standardized or universal identifiers to facilitate information retrieval and exchange. This discipline, too, has had its debates, 'nomenclature' now being used for a system of names such as those used in epidemiology and 'vocabulary' for a list of words and their meanings (termed 'controlled vocabulary' if regulated, guided, or organized into a system). There is, clearly, a tension when these classificatory systems endeavour to systematize a body of terminology that is intrinsically idiosyncratic and frequently country specific.
The use of race/ethnicity terms in medical classification systems
The Medical Subject Headings (MeSH®) thesaurus is used by the US National Library of Medicine (NLM) for indexing articles from some 4600 biomedical journals for the MEDLINE/PubMED® database. In addition to providing a hierarchically structured vocabulary for search queries, MeSH is also used for the NLM-produced database that includes cataloguing of books and documents, each record being associated with a set of MeSH terms. The first issue of MeSH was published in 1960, based on the Subject Heading Authority List published in 1954 and a list of citations maintained as a card file. In 1963 the second edition of MeSH contained 5700 descriptors, quadrupling to more than 22,000 in the 2004 edition. Prior to 2004 the relevant MeSH headings for race and ethnic group had not changed substantially.
'Racial Stocks' were defined as the 'major living subspecies of man differentiated by genetic and physical characteristics' and comprised four racial groups: 'Australoid Race', 'Caucasoid Race', 'Mongoloid Race', and 'Negroid Race'. MeSH descriptor data clearly indicated that these racial groups -all but 'Australoid' being described as 'major' -were 'distinguished by classification according to physical features' and were to be used 'for genetic, physical and physiological aspects of race'. The scope notes and annotations for each of these stocks -originally developed as an aid to indexers to assist them in understanding when a specific heading would be appropriate -describe the geographical regions and some of the populations. The 'Negroid Race' was stated to include Andamanese, African Bushmen, Half-Hamites, Hottentots, Melanesians, Negrillos, Negritos, Papuans, Pygmies, and Semangs. The 'Australoid Race' encompassed Australian aborigines, the
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Pre-Dravidian people of India, the Veddahs of Ceylon, the Ainus of Japan, and possibly some other remnant populations of Malaysia. The 'Mongoloid Race', centring around the Pacific Ocean, was defined to include American Indians, Northern and Southern Chinese, Eskimos, Evenki, Indonesians, Japanese, Koreans, Malayans, Mongolians, Siberians, Samoyedes, Tibetans, and Tungus. Finally, 'Caucasoid Race' (also called Europid) included Europeans, Hamites, Indo-Dravidians, Lapps, Middle East natives, and Polynesians (including Maori). Ainus in Japan were also listed here (as well as under 'Australoid Race').
Some of the definitions of the race groups were taken from anthropological dictionaries of the early 1970s that, themselves, cited sources back to the 1950s [2] [3] [4] [5] . Those sources included the work of Carleton S. Coon (1904-81) who controversially maintained that the human species was divided into five races (with such names as Caucasoid, Congoid, etc.) before it had evolved into Homo sapiens and that such evolution took place at different times. Much of Coon's work focused on classifying humans into clearly identifiable races on the basis of morphological characteristics and there is evidence that he actively aided the segregationist cause in the USA. He resigned his post as President of the American Association of Physical Anthropologists in protest against the association's vote to censure the book Race and Reason: A Yankee View by Carleton Putnam, which argued against desegregation and was widely regarded as racist [6] . Some of this terminology has a longer history, 'Caucasoid' and 'Mongoloid' being redolent of the terms Blumenbach used -'Caucasiana', 'Mongolian', 'Ethiopian', 'American', and 'Malayan' -for 'varieties in man' in 1798 [7] . The extent to which such typologies had become entrenched in post-Second World War America is illustrated by the decision of the Personnel Policy Board of the armed services to adopt the categories 'Caucasian', 'Negroid', 'Mongolian', 'Indian (American)', and 'Malayan' in 1949, making their use uniform throughout the services despite appeals that such terminology was offensive [8] . Definitions for 'Mongoloid Race', 'Negroid Race', and 'Caucasoid Race' are all given in Winick's Dictionary of Anthropology (1972) and 'Australoid Race' in Molnar's Races, Types, and Ethnic Groups (1975) . What is perhaps surprising is that these appropriations of anthropological theory continued to exercise influence for so long and, indeed, into the twenty-first century.
They were hardly redeemed by a separate MeSH heading supplied for 'Ethnic Groups', defined as 'a group of people with a common cultural heritage that sets them apart from others in a variety of social relationships' (the report by Afshari and Bhopal [9] that 'ethnicity' was 'surprisingly still not used in Medline MeSH heading' but 'should be a MeSH term' is clearly incorrect). Twelve groups were listed: 'Aborigines', 'Arabs', 'Asian Americans', 'Blacks', 'Eskimos', 'Gypsies', 'Hispanic Americans' ('Mexican Americans' being listed as a subgroup), 'Indians, Central American', 'Indians, North American', 'Indians, South American', 'Jews', and 'Whites'. However, the dimension of ethnicity referenced in the scope notes varies substantially, including geography, racial classification, ancestral origin, history, religion, lifestyle, social organization, and language: 'native inhabitants or indigenous individuals of a country' (Aborigines); 'members of a Semitic people inhabiting the Arabian peninsula or other countries of the Middle East and North Africa' (Arabs); 'persons living in the US having origins in any of the original peoples of the Far East, SE Asia, the Pacific Islands, or the Indian subcontinent' (Asian Americans); 'an ethnic group belonging to the Negroid Race' (Blacks); 'an ethnic group of the Mongoloid racial stock inhabiting primarily arctic areas' (Eskimos); 'an ethnic group coming originally from India and entering Europe in the 14th or 15th century' (with reference also to itinerant life and tribal organization) (Gypsies); 'persons living in the US of Mexican, Puerto Rican, Cuban, Central or South American, or other Spanish culture or origin' (Hispanic Americans); 'an ethnic group belonging to the Mongoloid racial stock in Central America', '. . . in North America', and '. . . in South America' (Indians of Central, North, and South America, respectively); 'an ethnic group with certain cultural and religious traditions' (Jews); and 'an ethnic group of the Caucasoid Race' (Whites).
By the early 1990s the anachronistic nature of the vocabulary had become evident, yet criticism in the wider literature was muted and confined to the use of certain terms like 'Caucasoid' [10] . Moreover, in spite of a policy of continual revision and updating of the MeSH vocabulary -in response to a range of mechanisms including checks for the appearance of new terms in the scientific literature and emerging areas of research, and a MeSH suggestion box for changes and vocabulary suggestions -there was no comment from within the NLM about the antiquated race/ethnic vocabulary in MeSH. Perhaps this is inevitable, given the conservative nature of any large and expanding classificatory effort. The desire to maintain comparability and not to change work practice may minimize change. However, such conservatism in abandoning descriptors leads to the preservation of anachronistic categories. Not until 2003 were questions raised, by Sankar [11] in Nature Genetics, about the inappropriateness of the language for race and ethnicity used in MeSH, including the use of the terms 'racial stocks' and 'ethnic group' to index articles in MEDLINE and the redundancy of several outmoded and offensive nineteenth century colonialist terms (such as 'Hamites', 'Half-Hamites', 'Hamitic-Semitic', 'Hottentots', and 'Negrillos').
In reply, Nelson [12] confirmed that substantial revisions had been undertaken for the 2004 edition 'in response to previously received comments about these terms and their scope notes' which abolished the separation of racial and ethnic groups in different hierarchies. These have now been published and show the deletion of the MeSH descriptor 'Racial Stocks' and its four children (Australoid Race, Caucasoid Race, Mongoloid Race, and Negroid Race). A new set of 'Continental Population Groups' -'groups of individuals whose putative ancestry is from native continental populations based on similarities in physical appearance' -are included. Also, the list of 'Ethnic Groups' (defined as before) has been simplified by the omission of some groups, notably 'Blacks' and 'Whites' (Table  1) . Moreover, all reference to race in the scope notes for the ethnic groups -so evident in the pre-2004 subtree -has been removed. Now such groups are defined in terms of origins, ancestry, language, geography, culture, historical ties, and religion.
The 2004 MeSH subtree is a move in the right direction in that it abandons the concept of 'Racial Stocks' and associated 'Races', it having long been established that there are no 'major living subspecies' of man. The indentions in the new heading of 'Continental Population Groups' emphasize geographical origins, NLM providing a read-across between the two terminologies for edits in MeSH headings in MEDLINE citations [13] . However, it is noteworthy that the EMTREE Thesaurus, the tree structure for the other major medical database, EMBASE, continues in 2004 to use a 'Race' classification ('used for racial stocks') encompassing the terms 'Australoid Race', 'Caucasian', 'Mongoloid Race', and 'Negro', akin to the pre-2004 MeSH terminology. There is, too, only limited indexing of terms for 'Ethnic-Group': 'American-Indian', 'Aborigine', 'Asian', 'AsianAmerican', 'Indian', and 'Chinese'; 'Eskimo' and 'Gipsy' were discontinued in 1990. The American Psychological Association's PsycINFO Thesaurus created the term 'Racial-andEthnic-Groups' in 2000 to replace 'Ethnic Groups', the entry listing seven narrower terms: 'Arabs', 'Asians', 'Blacks', 'Gypsies', 'Hispanics', 'Indigenous-Populations', and 'Whites'.
'Blacks' replaced the discontinued term 'Negroes' in 1982, the latter being stripped from all records in 2000, and 'Asian' replaced 'Asian Americans' in a similar way. In addition, 'Inuit' supplanted 'Eskimos' in 2000.
How these controlled vocabularies conceptualize race and ethnicity
The utility of the current MeSH vocabulary is assessed by the National Library of Medicine largely in terms of its relevance as categories in biomedical research and clinical medicine rather than other areas such as health policy, health services research, and public health, Schulman noting that: 'Recent genetic research indicates that the degree of genetic heterogeneity within groups and homogeneity across groups makes race per se a less compelling predictor' [14] . In similar vein Nelson (also of the National Library of Medicine) questions 'the appropriateness of representing racial identities in an era when much more specific genetic information is becoming available' but argues that their use in studies continues 'to contribute to a deeper understanding of human biology' [12] .
Such unqualified emphasis on the 'biological' appears inappropriate given the widespread debates about the use of race and ethnicity for the purposes of categorization in the biomedical sciences. These have ranged from positions claiming the lack of any biological basis for race [15] [16] [17] self-identified race and ethnicity for the purposes of categorization in biomedical and genetic research [18] . However, the introduction of the continental ancestry groups does appear to be a departure from race rather than a reassertion in all but name of the classical definition of races based on continental ancestry, despite reference in the definition to 'similarities in physical appearance'. Although there are similar geographies, with Risch et al. [18] recently arguing for the broad racial groupings of African, Caucasian, Asian, Pacific Islander, and Native American, the underlying conceptual base is different. Pearce et al. [19] have written with respect to Risch's classification that 'such broad continental groupings explain little in terms of the overall genetic variation of humanity'. Indeed, the landmark contribution of Lewontin [20] more than a decade ago quantified the respective contributions: 'about 85 percent of all identified human genetic variation is between any two individuals from the same ethnic group. Another 8 percent of all the variation is between ethnic groups within a race -say, between Spaniards, Irish, Italians, and Britons -and only 7 percent of all human genetic variation lies on the average between major human races such as those of Africa, Asia, Europe, and Oceania'. More recently, Feldman, Lewontin and others [21] have restated this position. While they confirm that it is possible to find DNA sequences that differ sufficiently between populations to allow correct assignment of major geographical origin with high probability (as shown by studies of genetic polymorphisms), most human genetic variation occurs within geographically separated populations and very little is found between these populations, as the genes that are geographically distinctive in their frequencies are not typical of the human genome in general. They conclude that 'race is both too broad and too narrow a definition of ancestry to be biologically useful' and argue that ancestral genetic data are far more useful for medical purposes. Even here, there are challenges in the accurate indexing of literature as many people in the Western hemisphere and Oceania have ancestry from more than one major geographical region, making the investigation of intra-and transcontinental contributions to a person's ancestry the main objective. 'Confusing race and ancestry', these investigators point out, 'could be potentially devastating for medical practice. ' Such refocusing in MeSH from racial stocks and racial categories to ancestries as defined by continent of origin concurs with emerging views on the utility of genetic data for medical purposes. However, with respect to disparities in health between different ethnic/racial groups, a far greater contribution is made by social and economic factorsincluding poverty, barriers to accessing services, and racism -than by genetic variation. How useful MeSH and other thesauri are in indexing this body of literature on health disparities is questionable. MeSH eschews 'race' as a social construct for 'ethnic group' and this, indeed, accords with a growing consensus of opinion, reflected in the fact that 'race' is increasingly being superseded by 'ethnic group' in the health literature. However, the merits of this trend and the utility of the concept of ethnicity continue to be contested in broader sociological discussions of race and ethnicity, in both the UK and the USA [22] [23] [24] [25] [26] . With respect to the collection of more specific data for 'ethnic health' research, a substantial body of opinion favours the continued use of socially defined race categories as well as ethnicity. The view is that the privileging of cultural differences by the use of ethnicity diverts analytical attention from those issues of structural constraint and power that so shape the experiences, socio-economic position, and social relations of 'racial' groups, including their health status. Harrison [27] has written: 'Given the burden of US racism, the racialized ethnicity of, for instance, black Americans cannot be erased by the Aspinall Race and ethnicity in classification popular force of mere semantic ethnicization, the upgrading of black social identity by the "African American" self definition. ' Smith [26] makes a similar critique of the use of the term 'ethnic' to discuss problems of poverty and inequality in the United States, arguing that 'it tells us nothing about the real processes involved or about the value commitments that underlie various courses of political action in the modern world'.
MeSH does offer some subgroups listed under the five main 'Continental Population/ Ancestry' groups that take in a few of the 'ethnic groups' from the 2003 MeSH subtree but leave a fairly miscellaneous and impoverished vocabulary in the set of six in the new Ethnic Group section. The much more widely accepted use of race/ethnicity as an epidemiological variable for stratifying data on such matters as the use of health services and of health-related behaviours to document disparities and explore issues of equity -as opposed to their utility in etiologic research -is largely eschewed in the MeSH approach.
The typologies for population groups
The MeSH typologies for both continental population and ethnic groups focus particularly on US groups. This is perhaps not surprising given the provenance of the database and the fact that about 52 per cent of current cited articles are published in the US (with 89 per cent of cited articles for the period 1997-2001 published in English). However, even here there are some notable omissions. It is not immediately clear, for example, how the growing mixed race populations would be indexed. Ethnic groups in other countries -such as South Asians in Britain and West Asians in Canada -do not neatly fit into the schema.
Moreover, the conceptual base underlying the choice of ethnic group labels is not always evident, even for those that are clearly of US provenance. For example, 'African Americans' displaced 'Blacks' in the 2004 MeSH subtree. However, investigation of preferred racial terms in the US Current Population Survey found that amongst the black population, the term 'Black' was preferred by 44 per cent of respondents, 'African-American' by 28 per cent, and 'Afro-American' by 12 per cent. Amongst whites, 62 per cent favoured 'White', 17 per cent 'Caucasian', and just 2 per cent 'European-American' [28] , results that similarly challenge the dropping of 'White'. The US Census Bureau used the terms 'Black, African Am., or Negro' and 'White' in the 2000 Census question on 'race', although 'Negro' has been dropped from the 'race' descriptor 'Black or African American' in the new standard birth and death certificates introduced in 2003. With respect to offensive terminology, the replacement of 'Eskimos' by 'Inuits', a matter to which Statistics Canada had addressed itself [29] , is a positive step. Also, inclusion of 'Arabs' in the schemaomitted in the 2000 Census question but stated to merit further consideration by the US Census Bureau -is important, although the diversity within this group across the Middle East and North Africa renders its conceptualization as an ethnic group problematic.
Problems in defining systematized or standardized nomenclature for race and ethnic groups
Terms for ethnicity and race are developed within countries in response to their own specific historical processes of ethnogenesis and this is especially true of those describing specific groups. Frequently, such terms have different meanings and capture different
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populations across countries and even national boundaries. Clearly, any common or generic vocabulary must accommodate or surmount such specificities to avoid ambiguity in the indexing process. Further, the concepts of race and ethnicity, themselves, are subject to much contestation. In certain areas of medicine such as genetics, race continues to be regarded by some investigators as definitive of biological differences, although its interpretation as a social construct is on the ascendant. The concepts of race, ethnicity/ ethnic group, ancestry/ethnic origin, and identity are considered by some as fundamentally different and by others as synonyms that access the same semantic domain.
How authors use such concepts and related vocabulary for specific population groups is critical to the indexing process. One potential source of guidance, albeit within individual nation states, is the decennial Census. However, here too there is much confusion. In the US 2000 Census, for example, 'Mexican', 'Chicano', 'Puerto Rican', and 'Cuban' were considered ethnic groups but others such as 'Filipino', 'Japanese', 'Korean', 'Vietnamese', 'Samoan', and 'Guamian' as races, the rationale for the distinction not being apparent. Ethnic groups in Britain's 2001 Census were defined by terms including, for example, 'White', 'Black or Black British', and 'Asian or Asian British'. In Canada the concepts of diversity and the mosaic society and the wider discourse of multiculturalism have given rise to a different conceptual base, that of 'visible minorities'; Stasiulis [30] and Bannerji [31] argue that this nuancing of visible minorities -the translation by the Canadian state of colour into the language of visibility -avoids the issue of racism.
When it comes to specific group labels for ethnic groups, the proliferation of terms within and across countries and their continuing evolution make any standardization impractical, hence the patchy and US population focused list of 'ethnic groups' in the 2004 MeSH heading. For example, the term 'Asian' in Britain is used to refer to both South Asians (persons with ancestry in the Indian subcontinent) and those originating from continental Asia [32] . In official data collection in the USA, 'Asian' clearly refers to groups from East and South East Asia as well as the Indian subcontinent. In Canada, by contrast, official data collections and the Census use the terms 'South Asian' (e.g. East Indian, Pakistani, Sri Lankan, etc.), 'Southeast Asian' (Cambodian, Indonesian, Laotian, Vietnamese, etc.), and 'West Asian' (e.g. Afghan, Iranian, etc.). 'East Indian' (to identify those with origins in India) and 'West Asian' are not salient in Britain. The nomenclature for specific Asian groups in all three countries has varied considerably in the past. In Canada, for example, these terms have included 'East Indian', 'Indian (India)', 'Indian from India', 'Indo-Pakistani', 'East Indian', 'South Asian', 'Hindu', and 'Hindoo'. Such boundaries of terminology are likely to persist, making the full and accurate description of ethnic groups in the scientific literature a priority. Whether such descriptions can satisfactorily be represented in a unitary classification is, however, questionable. One scholar has argued that:
It is not about producing a list of identities for use world-wide. That would be a spurious exercise in classification, redolent of the 19th century. Rather, it is about establishing for international scientific journals a set of principles guiding definition and description of ethnic minority identities in any country, so that readers in Moscow, Madras, Milwaukee or Manila may understand the usage of a particular term of identity, and find it just as acceptable as a reader in Manchester. [33] Given the multiplicity of vantage points and agendas and the well-documented disagreements along scientific, politic, cultural, and national lines, such advocacy presents a major challenge. With respect to the categories on the SNOMED Clinical Terms UK release, then, these were not designed for biomedical purposes. Rather, they are the categories used on the
national (England and Wales) 2001 Census, comprising a pragmatic classification of broad ethnic (perhaps better described as 'pan-ethnic') groups, broken down into cultural background options. Although some of these options, like the South Asian categories 'Indian', 'Pakistani', and 'Bangladeshi', are clearly unsustainable as 'cultural background' options (by virtue of ignoring regional and religious terms of identity so important in the Indian subcontinent) -and, in the case of those for the 'Mixed' group, even get collapsed into an 'Asian and White' category -they are, nevertheless, useful in the context of social surveys and other stratification of health data in that they provide a point of access to the longer-term historical processes of colonialism, migration, and discrimination that have influenced and shaped the nature of ethnic relations. In addition, there is the purely optional detailed framework for local use that maps back to the main classification. The US version of SNOMED CT also draws upon Census terminology (US 2000 Census) for racial, socio-cultural, and national origin groups, encompassing terms like 'AfricanAmerican'. Clearly, while clinical terminology can be tailored to local (national) contexts with respect to the terminology for race/ethnic groups through 'national' releases, MEDLINE's MeSH is constrained by its obligation to provide a global standard.
Classification in action
This article has looked at the use of race/ethnicity in medical classification systems within two distinct communities of practice: information retrieval from medical literature databases and the use of clinical coding schema. However, it is possible to distinguish tensions common to both. First, there is that between attempts at a universal language or standardization and locally generated categories, tailored to particular geographical and cultural contexts. Second (and related) is that of the complexities of classification systems, their frequent extensive spatial reach in terms of the literature indexed or user community, the long shelf life for which use is intended, and the consequent difficulties and bureaucratic expense in changing them versus the nature of what is classified -in the case of race/ethnicity a moving target as the groups themselves are changing -and the shifting and possibly multiple needs of users. Bowker and Star [37] have described how classifications enfold the social, political, and organizational agendas and values of their time. Indeed, we have seen how MEDLINE's terms were based on appropriations of anthropological theories of race that were current in the mid twentieth century and how, subsequently, tinkering with the system was seen to satisfy at the expense of the preservation of anachronistic categories and outmoded classificatory principles. These issues only became visible when the classification became the object of contention. In the case of clinical coding systems, a much more flexible, nationally based, and user-responsive set of categories has emerged.
Who, then, should decide the content of these classifications and their underlying conceptual base? Who should make the categories and change them? Again, Bowker and Star [37] have revealed how the maintenance of formal, bureaucratic classifications is ordinarily invisible. How the decision to change the MEDLINE race categories was made -who actually did the work -is a story yet to be told. However, it appears to have been largely located within the regulatory machinery of the NLM itself. It may have been no coincidence, too, that in 2003 the 22nd edition of the Dewey Decimal Classification dropped 'Racial' from the name of its Table 5 to just 'Ethnic and National Groups' 'to reflect the de-emphasis on race in current scholarship' [38] . Also, the '03 Basic Races' [39] . Similarly, MeSH categories with deep historical roots were changed but the new ones clearly carried the traces of their ancestry and the inertia of what had gone before. Again, they were based on the notion of a standard or universal narrative. Deriving classifications and categories indisputably involves organizational processes and practical politics. Information scientists attribute value to that which facilitates process, such as parsimony, accuracy of terminology, and overall temporal stability, when designing thesauri for information retrieval. However, such systems must also encode contemporary understandings of race/ethnicity and the way in which these are embedded in medical knowledge, a focus likely to be reflective of current social values and emergent scientific usage rather than the favoured reading of a biological perspective. The gap in the frame of reference between the designers and the users needed to be closed.
There are no easy solutions to this set of problems. MEDLINE has a widely distributed and diverse constituency of users, including biomedical researchers and public health experts, who are likely to have disparate viewpoints with respect to race/ethnicity concepts and to structure information in different ways. For most the retrieval of adequately and relevantly contextualized information will be the priority, according importance to fine-grained categories. For indexers, the encoders of the information, coarse-grained categories are needed for reasons of efficiency and the achievement of stability and certainty but possibly at the expense of precision: too few categories will result in information that is not useful and too many will increase randomness for classifiers and retrievers. The literature itself is multifarious, incorporating many different conceptualizations of race, ethnicity, and ancestry that are frequently in competition. Clearly, the workability of the MeSH terms is crucial: they have to provide a working classification system that is fit for purpose and good enough for use, matching the varying semantics and information needs of diverse participants. Bowker and Star [37] argue that this area of classification is underexplored and undertheorized but 'not resolved by resorting to a lowest common denominator, a universal algorithm, or an appeal to universal positivist knowledge'. The directional pointers they offer include parallel and multiple-representational forms that avoid imposing inappropriate categories rather than futile attempts to create unitary knowledge categories. Further, as classification schemes represent multiple constituencies, the ability to change them with changing natural, organizational, and political imperatives is key. Since categories come from action and are continually made and remade, systems are needed that are responsive to the local circumstances of users, such as the Clinical Terms (Read Codes) 'Change Requests' and the Dewey Decimal Classification's 'Continuous Updating' protocols, both achieved through web-based tools.
Finally, the advent of digital libraries and the development of hypertext are enabling new kinds of questions to be asked of the literature. Given the proliferation of online versions of journals in science, especially since 1998, access to full-text and preprint archives via the Internet through consolidators like Elsevier Science and Stanford University Libraries, and the increasing functionality of search engines (including the ability to search full text using natural language terms, word strings and phrases, singly or via Boolean operands), the use of free-text-based searches for accurate descriptive terms selected by Health Informatics Journal 11 (4) users to meet their needs may become an important supplement to the use of thesauri. This may be facilitated by a trend towards increased standardization within nation states of detailed population group classifications, as witnessed in the USA by the 1997 revisions to Statistical Directive 15 for maintaining, collecting, and presenting federal data on race and ethnicity [40] and similar guidance recently issued by the Office for National Statistics in the United Kingdom [41] .
However, for the foreseeable future medical thesauri will remain a key tool in searching the medical literature. To achieve the kind of representational forms indicated by Bowker and Star [37] , research is needed on who the users are and their different viewpoints with respect to disciplinary background, literature needs, and understandings of race/ethnicity concepts, as well as on the more traditional healthcare information-oriented agenda of specific requirements of an information system and users' ease of retrieval. The few reports on how effective the various thesauri are in assisting users to retrieve ethnic/race literature appropriate to user needs indicate a range of problems. In searches conducted using MEDLINE's MeSH in 2002, Sankar found that in some categories up to 30 per cent of articles conforming to racial stock criteria were instead indexed to ethnic group [11] . Efthimiadis and Afifi's investigation [42] of MEDLINE, EMBASE, and PsycINFO in the mid 1990s found many drawbacks: shallow pre-coordinated hierarchical structures, a blurring of cultural, genetic, and racial facets, inadequate representation of the population groups in the indexing languages of the databases, scientifically outdated terminology, rather difficult-to-use terms for post-coordination as the terminology is intended for information professionals, and disagreement across databases with regard to the definition or use of most of the terms. As yet there have been no evaluations of how useful the new MeSH 'Continental Population/Ancestry' and 'Ethnic' groups are in indexing literature or supporting actual retrieval. Direct observational 'laboratory studies' are needed that would document the different queries of users and the extent to which they fit the representations of MeSH. Ideally, this should be undertaken with respect to the domains of the social and biomedical sciences, anthropology, genetics, public health, information science, and medical informatics. Moreover, cognitive research is needed on users' understandings of terms like continental ancestry groups and ethnic groups and how these may differ from other concepts like 'race', 'racial groups', 'ancestry', 'ethnic origins', and 'national origins', or whether users see all these terms as part of the same semantic domain.
Conclusions
The way groups continue to be categorized on biomedical literature databases such as MEDLINE demonstrates the pervasiveness of the notion of the biological basis of health differences by race/ethnicity, in spite of a burgeoning literature that has challenged this perspective. In reality, there are many overlapping and historically and culturally specific versions of race and ethnicity that represent the diverse contributions of biomedicine, public health, demography, officialdom, and others, many of which are in competition and in some cases incompatible. Within these there has been a shift in recent years from racially based categories to more contextually sensitive classifications incorporating concepts like ethnic group and ancestry. Given the degree of contestation of race/ethnicity classifications within the medical lexicon based on national, cultural, and disciplinary Aspinall Race and ethnicity in classification variability, an approach that draws upon a standardized and unitary set of knowledge categories is difficult to sustain. The operationalization of race/ethnicity is essentially undertaken at a national level by Census agencies, information authorities, and other official bodies, resulting in pragmatic classifications that are sensitive to user needs. This suggests that efforts should be focused on parallel and multiple-representational forms that avoid imposing inappropriate categories and are flexible enough to represent multiple constituencies. At a time when antiquated racial terminology is being proscribed by state legislatures [43] , the wider judiciary [44] , and professional bodies [45] on both sides of the Atlantic, there is an urgent need to incorporate these approaches into finding better ways of categorizing human subjects in medical classification systems that take account of the needs of diverse users whose perspectives on race/ethnicity and the way they frame the questions to be asked will also vary.
